Comments are provided on several points in the 2016 State of the World Fisheries and Aquaculture produced by the Food and Agriculture Organization of the United Nations (FAO). It is shown that data assembled by FAO from submissions by countries suggest a "stable" trend mainly because the declining catches of a number of countries with reliable statistics is compensated for by unreliable statistics from countries where reporting increasing catches may be politically expedient, e.g., China, Myanmar. Also, concerns are raised as to why FAO chose to ignore the well-documented data 'reconstruction' process, which fills the gaps that exist in data reported by countries to FAO. It is being ignored despite its importance for governance and resource conservation being well known. This process and its findings could be used by FAO to encourage countries to improve their data reporting, including retroactive corrections. This is important in view of successive analyses of the status of fisheries resources undertaken by FAO (published in current and past SOFIAs) and also in modified form by the Sea Around Us. This suggests a degradation of marine fisheries, and, if trends continue, a crisis by mid-century. Finally, comments are presented on the proposition that aquaculture will overtake wild capture fisheries in terms of food production, notably because current aquaculture requires huge quantities of wild-caught fish as feed. Indeed, this emphasis on aquaculture-as-substitute for fisheries raises issues of food security and malnutrition in developing countries, from which much of the fish used as feed originates.
Introduction
The Food and Agriculture Organization of the United Nations (FAO) published in the late 1940s its first FAO Yearbook of Fishery Statistics [1] , which became an annual publication in the mid-1950s. Since then, these much appreciated yearbooks (now digital data sets), to which aquaculture statistics were later added have been providing the basis for understanding the evolution of fisheries and quantifying the availability of seafood globally.
Since the mid-1990s [2] , the FAO also publishes biannual analyses of major trends that are implicit in the data submitted by their member countries, and harmonized in their statistics database, i.e., the State of World Fisheries and Aquaculture (SOFIA). These extremely useful compendia are generally published in time for the biannual Committee on Fisheries (COFI) meeting, in which all its member countries are represented and which, in a sense, is the 'parliament' of global fisheries. It constitutes the only inter-governmental body where international issues on fisheries and aquaculture can be presented and examined.
Following on Pauly and Froese [3] , the present contribution is a comment on some issues in the latest version of SOFIA [4] . Four points are identified here that might be of interest to the general fisheries, aquaculture and marine policy audience, and on which we feel competent to comment.
Is the catch of world marine fisheries really "stable"?
There are in SOFIA 2016 [4] various quotes in which the FAO staff that authored SOFIA state that the world marine fisheries catch, or 'capture production' in FAO terminology (See Fig. 1A) is 'stable'. For example, on page 2 (Part 1, World Review), it is stated that "… capture fishery production [is] relatively static since the late 1980s ,…", or on page 10 (Part 1, World Marine Capture Production), where it is stated that after 1988 and excluding the highly variable Peruvian anchoveta (Engraulis ringens) "… catches levelled off…", and on page 170 (Part 4, Outlook), where it is stated "… the stabilization of total capture fisheries production at 90-95 million tonnes since mid-1990s… ". Interestingly, SOFIA 2016 internally contradicts itself on this point of 'stability', as shown on page 38 (Part 1, The Status of Fishery Resources) where it is stated that "The world's marine fisheries expanded continuously to a production peak of 86.4 million tonnes in 1996 but have since exhibited a general declining [emphasis added] trend."
We do not believe that this perceived 'stability' in marine fisheries catches is the case. One reason is that the catch reconstructions that have been conducted through the Sea Around Us over the last decade for all countries of the world [5] and which will be discussed further below, indicate that since 1996, total world catches are declining at a rate of 1.2 million tonnes per year (Fig. 1) . Even the global 'capture production' data of FAO show a clear declining trend of 0.2 million tonnes per year using the FAO data ending in 2014 (Fig. 1) . Thus, the declining trend has not been reversed by the few years of reported data (2011-2014) that FAO has added compared to our analysis which covered 1950-2010 (the Sea Around Us is in the process of updating all data to more recent years). We emphasize here, given many illinformed statements to the contrary, that 1996 was not a year that was selected for trend analysis because this is when catches peaked, but a year that an objective analytical method (i.e., segmented regression) selected as a trend breakpoint and as the start of a declining trend lasting until 2010, which was the last year for which reconstructed catch data existed at the time of publication of Pauly and Zeller [6] . 1 Contrary to the data reported by FAO on behalf of countries, reconstructed catch time series from Albania to Yemen [see country accounts in 5] are assessed in terms of their catch data reliability (a form of uncertainty assessment), using the scoring system summarized in Table 1 . The 'reliability' scores therein (i.e., high score=very high 'reliability') were based on those developed by the Intergovernmental Panel on Climate Change to help quantify the uncertainty of its assessments by evaluating the quality of, and the agreement between their underlying data and information sources [7] . The catch-weighted averages of these catch data reliability scores are used here (Table 2) . A second set of data quality indicators, called 'taxonomic reliability' and based on the taxonomic resolution of reported catches is presented also in Table 2 , based on Pauly and Watson [8] and Alder, Cullis-Suzuki [9] .
As can be seen, the overall trends for fisheries over the last few decades is one of decline in global catch contributions in countries with reasonably accurate and reliable fisheries statistics ( Table 2 ). In fact, these countries would clearly dominate the overall global catch trend if it was not for a group of countries, especially in FAO Areas 57 and 71 (the Eastern Indian Ocean and the Western Central Pacific, respectively) that have largely manufactured, or highly questionable, everincreasing catch statistics. Also, lower catch quotas due to management action do not explain the catch decline identified, as was illustrated in Pauly and Zeller [6] , who showed that global catches also declined when countries with quota management were excluded from the analysis.
That the statistics of several countries are manufactured or at least highly suspect was noted in the preceding SOFIA [pp. 10,11 in 10] which stated that "… marine catches submitted to FAO by Myanmar, Vietnam, Indonesia and China show continuous growth, i.e., in some cases resulting in an astonishing [emphasis added] decadal increase (e.g., Myanmar up 121%, and Vietnam up 47% )". Similar indications are also presented in the current SOFIA, which states that "[d]ata quality remains a concern for some major producers. Marine catches reported by Indonesia and Myanmar have increased markedly and continuously in the last 20 years. However, the fact that reported capture production did not decline significantly or continued to increase when natural disasters occurred (e.g. the tsunami of December 2004 and Cyclone Nargis in May 2008) made FAO concerned about the reliability of their official statistics. For Indonesia, new estimates, such as those produced by the Indian Ocean Tuna Commission, showed that catches might have been underestimated in the past and, consequently, the increasing trend could also have resulted from a better coverage of the enormous number of scattered landing sites. For Myanmar, recent findings by [7] note that "confidence increases" (and hence confidence intervals are reduced) "when there are multiple, consistent independent lines of high-quality evidence". Table 2 Number of global fishing countries that show either a decrease, no change a or increase in the mean annual catches (excluding the highly variable Peruvian anchoveta, Engraulis ringens) for two time periods representing different global fisheries development phases (1970-1989; 1990-2010) , the percent of total global catch these countries account for in each period, and two independent 'reliability' scores describing the reliability or trustworthiness of the catch time series and the taxonomic resolution of catch data of each country, respectively (see text). reason for the disconnect between reported data and catch reality on the ground for some of the countries of interest here. A disconnect between actual catches and official reporting of data has also been shown for China [12] [13] [14] [15] . We thus conclude this point by suggesting that rather than stressing an elusive 'stability' of the world marine fisheries catch, FAO should emphasize the rather tentative nature of the trend it reports and that its apparent stability is probably a misrepresentation of true global trends due to two factors: (1) reliable catch time series ( Table 2 ) that are trending downwards being compensated for by unreliable catch time series ( Table 2 ) that are trending up; and (2) by the generally improving quality of data collection systems in more recent years accounting for an increasing share of actual catches without making corrections and adjustments to the under-reporting of such catches in previous years (i.e., a time-series bias), leading to inconsistent historic baselines [6, 16] . These points have substantial ramifications for any interpretation of global marine capture trends and patterns.
Catch category

What will future catches and landings be?
In 1996, two senior FAO staff published an ingenious method for summarizing the status and trends of fisheries resources [17, see Fig. 2A ]. Froese and Kesner-Reyes [18] proposed an efficient and elegant simplification of that approach which was adopted by the Sea Around Us and labelled 'Stock-Status Plots', as described by Kleisner, Zeller [19] . Fig. 2A and B show that the two methods provide similar results.
This consistency is important because the Stock-Status Plots were criticized by various authors [e.g., 20], who, however, never criticized the original publication of Grainger and Garcia [17] , nor the appearance of various versions of Stock-Status Plots in successive editions of SOFIA [21,22 for formal rebuttals]. Here it is shown, in Fig. 2C that Figure 13 in SOFIA 2016 (p. 39) is also consistent with a Stock-Status Plot (Fig. 2B ) that was generated to characterize global fisheries (see also www.seaaroundus.org/data/#/global/stock-status).
Such plots, it must be stressed, should not be read vertically as is unfortunately done regularly, i.e., to infer the percentage of stocks that are in various categories (underfished, fully exploited, etc.). This is because the fraction of these categories in the overall number of stocks depends very strongly on the precise, and ultimately arbitrary definition of underfished, fully exploited, etc., which moreover, vary over time (compare Fig. 2A with 2 C, both issued by FAO) .
Rather, with Stock-Status Plots, the key information about the status of marine resources is conveyed by the trend of the lines that separate the categories from each other. In the case of SOFIA 2016, (i.e., Fig. 2C ) for example, the line separating unexploited from fully exploited stocks clearly trends downward and so does the line separating fully exploited from overexploited stocks, in spite of the period covered (1974-2013) being shorter than it should have been.
Quite simply, this means that FAO's analysis based on data reported to FAO predicts that in the future more stocks are likely to be overexploited and that underexploited stocks will likely vanish in about 2 decades, assuming nothing changes in the general trend over time. As far back as 2009, Froese, Stern-Pirlot [23] suggested that there might not be any more 'underfished' stocks by around 2020, a trend that appears to be confirmed by Fig. 2 C. Note that, in line with Garibaldi [24] , one might wish to generally ignore the last year or two of available data (i.e., 2012 and 2013 in Fig. 2C ), as these data are often highly uncertain, and subject to revision and change in subsequent years.
These trends are similar to those in Worm, Barbier [25] , a contribution to which we were not part, but which we feel that we have to defend because its prediction that all stocks would 'collapse' by 2048 if current trends continue, and which was widely derided as absurd, is actually quite likely given continuation of present trends. Obviously, overexploited and even collapsed stocks can and do continue to provide (sub-optimal) catches, as illustrated in the Sea Around Us dual-pattern Stock-Status Plots (see top graph at www. seaaroundus.org/data/#/global/stock-status).
Here it is suggested that FAO should devote space and considerable emphasis, in subsequent SOFIAs, on how exactly these downward trends can be reversed, an issue that some authors have begun to examine [e.g., 26,27].
Why keep pretending that catch reconstructions don't exist?
That the data reported by FAO on behalf of countries are incomplete is widely recognized [24] and privately conceded by many FAO staff. However, almost all of the problems with the data reported by FAO originate from the member countries that send data sets heavily focusing on industrial fisheries and under-representing or even omitting artisanal, subsistence and recreational fisheries.
Other problems are due to a tradition that sees fish 2 only as taxable commodities, hence only landed fish are reported, while discards are not. Thus, FAO instructs its member countries not to report discarded fish. In today's age of endorsing the Ecosystem Approach to Fisheries (as also supported and emphasized by FAO), it is anachronistic to not include discarded catches as a clearly identified category in global fisheries statistics [see 6]. The reasoning that not all countries have data on their fisheries' discards does not justify their omission, as FAO regularly derives substitution estimates of landings for countries that, for various reasons, do not report in a given year, as clearly stated on page 10 in SOFIA [4] and in Garibaldi [24] . The same could easily be done for discards. Again, retroactive estimation will be required to avoid biased baselines and associated time-series bias, see point (2) in last paragraph of item (1.1) above.
Another source of incompleteness in data reported by FAO is that, as an intergovernmental organization, FAO cannot quantify illegal catches. We note, however, that illegal and other unreported catches are often quantified in Working Groups of the International Council for the Exploration of the Sea (ICES), covering the North East Atlantic [28] . A clear statement by FAO as to the fate of illegal catch data in FAO statistics if such data were provided by host countries would be beneficial.
These omissions in the FAO database, largely inherited from national data submissions, translate into zero estimates for all these catch categories. 3 In a major effort to correct for these omissions, the Sea Around Us has undertaken a decade-long 'catch reconstruction' effort covering all countries of the world and involving hundreds of experts from these countries [29, 30] . One of the present authors (D.P. Thus, at the time that SOFIA 2016 was finalized (i.e., early 2016), there were over 100 EEZ reconstructions in well over 40 scientific papers available in the peer-reviewed literature that corrected, complemented, augmented or commented on catch data reported by FAO. Furthermore, prior to the publication of the global catch reconstruction paper in January 2016 [6] , we specifically shared the upcoming paper and conducted a phone-briefing with FAO staff on our forthcoming publication and its implications. Yet, SOFIA 2016 [4] managed to cite none of the reconstruction papers and completely ignored the process that has led to these publications. It seems unfortunate that the opportunity to utilize a large body of established scientific knowledge was not seized upon by FAO to enhance its explicit mandate to assemble the best available global data and inform the world about real fisheries catches and their trends. [17] , (B) the widely available Stock-Status Plots of the Sea Around Us, based on Froese and Kesner-Reyes [18] and Kleisner, Zeller [19] , and (C) the most recent iteration as presented by FAO in the 2016 SOFIA [4] . All three graphs show the same general pattern of worsening stock status trends. Note that graphs should be read horizontally, i.e., the trend direction of the category separation lines matter, not the vertical percentage values.
What is up with aquaculture?
The press release that accompanied SOFIA 2016 and which formed the basis for many media stories throughout the world emphasized that for the first time aquaculture produced "as much as marine fisheries". This is also stated in SOFIA proper, which states (Page 22, Part 1, Aquaculture Production) that "[i]n terms of global production volume, that of farmed fish and aquatic plants combined surpassed that of capture fisheries in 2013. In terms of food supply, aquaculture provided more fish than capture fisheries for the first time in 2014 ", although if one excludes the production of marine plants (much of which is not used for direct or even indirect human consumption), then "[w]orld aquaculture production of fish accounted for 44.1% of total production (including for non-food uses) from capture fisheries and aquaculture in 2014 " (page 18, Part 1, Aquaculture Production). However, this is not correct, as fisheries catches are actually much higher than FAO reports [see Figs. 1 and 5 of 6], while aquaculture (or at least mariculture) statistics appear not to be as much miss-estimated [31, 32] .
Moreover, much of global aquaculture production occurs in China [62% in 2014, Table 8 in 4] and a small number of other countries (India: 6.6%, Indonesia: 5.7%, Vietnam: 4.6%, Bangladesh: 2.6%). This implies that outside of China and the few additional 'major' producers, aquaculture is much smaller and often not growing rapidly. Indeed many regions have declining or stagnating aquaculture production over the last years, e. More importantly, combining aquaculture statistics and capture fisheries statistics implies serious double counting will occur unless clear data adjustments are done. This is because a sizable fraction of aquaculture relies on fishmeal and fish oil or other fish products for feed in their operation. Thus, around 22% of total global fisheries landings are used for non-direct human use [33] , including fishmeal and direct feed purposes.
Thus, if for example 4 t of wild caught anchovies are required as feed or fishmeal to produce one tonne of aquaculture-raised salmon, one cannot say that humanity has 5 t of fish production. Humanity has either 4 t of anchovies [which, incidentally, are excellent eating and highly nutritious; see also 34] or one tonne of salmon, but not both.
It would be appropriate for FAO, when summing up the fish produced globally and available for human consumption, to exclude the fish used as food for other (farmed) fish, and explicitly emphasize this. It is probably correct that aquaculture will generally continue to grow and contribute to the food provision of more and more people, despite SOFIA clearly showing that non-fed aquaculture production is more or less stagnating since 2010 at around 20 million tonnes [Part 1, Figure 8 on page 24 in source 4]. However, aquaculture cannot do this if it relies on fish that can also be eaten directly by people. This truism would become more visible if FAO made this abundantly clear and ceased to double count the fish used as feed in aquaculture.
Finally, the declining trend in global marine fisheries catches documented in Pauly and Zeller [6] raises the specter of increased malnutrition in many maritime developing countries [see 34]. With few exceptions, these countries are heavily dependent on wild capture fisheries for fundamental nutrition and livelihoods [35] , yet these are also the countries whose domestic fisheries are experiencing the biggest competition from illegal foreign fishing [36] , limited management and governance capacities, and lack of detailed knowledge of resource status, all combined with human population pressures and growing climate change impacts [37] . It is also these same countries where fish play a crucial role in avoiding diseases due to malnutrition, and given the often lower nutritional value of the more affordable aquaculture products compared to wild caught fish [38] , especially the often preferred small-pelagic species, makes aquaculture a less than ideal substitute for vibrant domestic wild-capture fisheries. This suggests that FAO (and other organizations) need to re-focus their global attention towards treating developing countries fish resources and fisheries as a human health issue requiring nutrition-sensitive policy actions, rather than contributions to ill-defined economic growth.
Conclusion
The most recent release of the biannual State of the World Fisheries and Aquaculture report (SOFIA) was published by FAO in June 2016 [4] , and provides a global overview of fisheries and aquaculture. The present article comments on four points in SOFIA that could be of interest to the fisheries and marine policy audience.
It is argued here that the vaunted 'stability' of catches from wild capture fisheries (or 'production' in FAO terminology) repeatedly stressed by FAO staff in SOFIA is a myth (and is even contradicted within SOFIA), and that global catches have actually been declining since peak global catches in the mid-1990s [6] . It is demonstrated that poor and incomplete statistics from virtually all fishing countries, but especially missing retroactive corrections as a response to improved statistical reporting systems over time (i.e., time-series biases) are to blame for the incorrect global trends derived from data submitted annually to and reported by FAO. The resultant misrepresentation of global catch trends have important ramifications for global marine capture fisheries policy and governance, as well as marine conservation concerns.
It is also noted that the status of fisheries stocks that are analyzed by FAO, largely based on methods derived by FAO staff [17] , continue to show a detrimental trend, one of declining status across the board. This matches the Stock-Status Plots made available by the Sea Around Us for all Exclusive Economic Zones and other spatial entities, based on a nearly identical, but simplified method [18, 19] . In essence, it is argued that both the FAO analyses conducted over the last decades, as well as the Sea Around Us analyses support a highly criticized earlier publication [25] that warns of the risks to the status of fisheries resources by mid-century, if current trends continue. We call on FAO to become far more engaged and outspoken on this problematic development and the required solutions.
Furthermore, the reasons for SOFIA ignoring the catch reconstruction process that has been ongoing for the last decade [5] is being questioned. This process has been well described [30] and documented in the peer-reviewed scientific literature, and it has been repeatedly brought to FAO's attention. Yes, it paints a different picture than official reported fisheries data as submitted to FAO by its member countries. However, the reasons for this are clearly documented and have been validated repeatedly, and the findings of these reconstructions should lead to changes in FAO data requests and procedures, as well as in the projects FAO may undertake with countries on their data systems. Pretending that a well-established and widely documented scientific process that has major impacts on fisheries statistics and policy does not exist is not going to help FAO fulfill its data mission, nor will it improve its scientific credibility.
Finally, concerns about the notion that the growing aquaculture industry may replace capture fisheries for global food security purposes are highlighted. Potential problems with the distribution of aquaculture developments and growth are also emphasized, and the inherent food security, human health and malnutrition problems highlighted that will ensue if capture fisheries are allowed to continue to decline.
